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Abstract 79 – Knee cartilage morphology in various species and humans
Species Number Cartilage surface area Cartilage thickness Cartilage volume
Rat 16 6.2±0.9 mm2 0.14±0.12 mm 0.81±0.17 mm3
Rabbit 6 69±4.9 mm2 0.37±0.05 mm 23.5±3.9 mm3
Cat 3 85±9.1 mm2 0.67±0.05 mm 55.8±10.5 mm3
Dog 18 196±18 mm2 0.77±0.04 mm 142±15 mm3
Pig 1 1650 mm2 1.4 mm 2200 mm3
Horse 1 2390 mm2 1.4 mm 3290 mm3
Rhinoceros 1 5460 mm2 1.8 mm 9840 mm3
Human (Women) 45 1050±135 mm2 1.9±0.23 mm 1940±344 mm3
Human (Men) 72 1380±205 mm2 2.2±0.26 mm 2940±622 mm3
with those in a data base of young (18 to 35 years) healthy
humans (45 women, weight 60 ± 7 kg, and 72 men, weight 77
± 11 kg) who had been imaged at 1.5T. Sagittal spoiled gradient
echo sequences with fat suppression or water excitations were
acquired in all knees. The medial tibial cartilage was segmented
by tracing the cartilage surface (AC) and subchondral bone area
(tAB) throughout the entire medial tibia. The size of the cartilage
surface areas (AC), the mean cartilage thickness (ThC) and
the cartilage volume (VC) were computed using Chondrometrics
software (Ainring, Germany).
Results: The size of the cartilage surface areas in the rat (6.2
mm2) was approximately 200x smaller than that in humans (Table
1), whereas that in the rhinoceros was about 4.5 x larger than
than in humans. The variability of cartilage thickness between
the species, however, was substantially less than for cartilage
surface areas. All species (including the rhinoceros: ThC = 1.8
mm) had thinner cartilage than humans (1.9 mm in women and
2.2 mm in men, respectively). The rat displayed the lowest mean
cartialge thickness (0.14 mm) amongst the species investigated.
Conclusions: To our knowledge these are the ﬁrst quantitative
data on the three-dimensional morphology of tibial cartilage in
different species and humans. The data show that the inter-
species differences in cartilage surface areas are much more
prominent than those in cartilage thickness. This is likely due to
the need to keep mechanical stresses (load/area) below a critical
threshold at which the cartilage will undergo damage. These data
can be used to estimate the appropriate dose of intra-articular
medication with potentially beneﬁcial structural or symptomatic
effects on articular cartilage in animal models of OA.
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Purpose: FGF18 plays a central role in skeletal growth and
development. In contrast to its described role in the growth
plate, where it negatively regulates chondrocyte proliferation and
differentiation, FGF18 has been shown to have signiﬁcant an-
abolic effects on chondrocytes in other cartilaginous tissues. To
evaluate whether recombinant human FGF18 (rhFGF18) could
facilitate the repair of cartilage damage caused by osteoarthritis
(OA), the efﬁcacy of rhFGF18 was tested in a rat meniscal tear
model of OA.
Methods: In the rat meniscal tear model, a full-thickness cut
in the medial meniscus leads to joint instability and progressive
development of OA characterized by proteoglycan loss, cartilage
ﬁbrillation, chondrocyte death, eventual damage to the subchon-
dral bone, and formation of osteophytes.
rhFGF18, formulated in saline, was administered by intra-
articular injection beginning 21 days after meniscal tear using
three different dose regimens: once per week, twice per week
or three times per week with 0, 0.3, 1, 3 or 10 µg/joint overall
weekly dose. Evaluation was performed at 3 weeks and, further
to an initial evaluation of rhFGF18 in this model, at a 3-week
follow-up period after end of therapy to investigate sustained
cartilage effects of rhFGF18.
Results: Treatment with rhFGF18 induced a dose-dependent
increase in cartilage formation and a statistically signiﬁcant in-
crease in the thickness of the articular surface of the medial tibial
plateau. The increase in cartilage formation induced by rhFGF18
was paralleled by signiﬁcant reductions in multiple degeneration
scores. Anabolic effects were seen in most groups and were
greatest in the joints treated 3x/week but this dosing paradigm
also resulted in excessive inﬂammation and bone resorption.
Weekly dosing with 10 or 3 µg resulted in high therapeutic
efﬁcacy. Animals given 3 or 10 µg rhFGF18 had signiﬁcantly
lower cartilage degeneration width (28 and 37% respectively)
and moreover animals given 10 µg rhFGF18 demonstrated a
27% increase of viable cartilage matrix. After 3 additional weeks
without treatment cartilage degeneration scores of the medial
tibia were signiﬁcantly decreased 38% after treatment with 10
µg rhFGF18 1x/week, which resulted in a signiﬁcant decrease
(31%) of cartilage degeneration in the overall joint. Dose respon-
sive beneﬁt was seen in the signiﬁcant cartilage degeneration
parameter and severe matrix loss, as measured by collagen
degeneration, was improved with the once per week dosing reg-
imen, therefore providing the best balance of beneﬁcial effects
versus lack of detrimental effects.
Conclusions: Overall, these results demonstrate that rhFGF18
can stimulate formation of new cartilage in an animal model
of OA, and suggest that rhFGF18 might have clinical utility for
treatment of this disease. rhFGF18 is currently tested in clinical
trials.
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Purpose: MMP-9, or called gelatinase B, is critical for the re-
cruitment of T cells, macrophages, and synovial ﬁbroblasts in
synovial membrame, which often initiates a cascade of degrada-
tive events through several pro-inﬂammatory cytokines including
interleukin 1 (IL-1) and tissue necrosis factor alpha (TNF-α).
MMP-9 is also important for the formation of growth plate car-
ilage and upregulated in OA and injured joint, but its roles in
cartilage degradation after injury is not clear. The aim of this
study was to establish a murine model to study overload injury
in cartilage without alternating joint kinematics and to test our
hypotheses that load-injury in cartilage alone induces cartilage
degradation in part by chronical joint inﬂammation and that the
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deletion of MMP-9 gene affects cartilage degradation at 8 weeks
post-injury.
Methods: Twenty eight MMP-9 knockout (FVB.Cg-MMP9) and
matching wildtype (FVB/NJ) mice (7 male and 7 female in each
group) were obtained from Jackson Laboratories (Bar harbor,
Maine), maintained in the animal facility at HSS with protocols
approved by IACUC. All the mice were 8-week-old (muscu-
loskeletal mature) at the time of surgery. The right knee of each
animal was exposed using medial parapatellar arthrotomy and in-
jured by a custom-made indenter (0.5 mm x 2mm) at the femoral
trochlear region (6 MPa, 5 minutes ∼20-40% cell death, based
on our previous in vitro study). The patella was then realigned
and the wound was closed in layers. The contralateral left knee
received the same surgical procedure without load-injury as a
sham control. Animal were sacriﬁced at 8 weeks after operation.
Collagen cleavage and proteoglycan loss was determined us-
ing immunoﬂuorescence (C12C mab) and Safranin-O/fast green
while collagen-network integrity (birefringence) was determined
by polar-light microscope. Joint inﬂammation was determined
by the thickening of synovial membrane (H&E), recruitment of
macrophages (F4/80 mab), and upregulation of TNF-α.
Results: All the animals were able to move freely one day af-
ter surgery and gained full locomotion (climbing cage and other
activities) about 3-6 day post operation. No signiﬁcance dif-
ference in animal behavior was noted between wildtype and
MMP-9 knockout mice. All the joints appeared normal (no
swelling/inﬂamed) at the time of sacriﬁce. Hematoxylin & eosin
staining showed a loss of cells in the injured region, which was
consistent with the loss of proteoglycan in the injured region
as determine by Safranin-O/fast green staining. Along with the
increase of PG loss/degradation was the signiﬁcant thickening of
synovial membrane as compared to sham-operated joint in the
wildtype mice. Further thickening of synovial membrane was also
found in the MMP-9 KO mice as compared to that of wildtype. An
increased MMP-9 staining was found in the injured wildtype joint
as compared to its contralateral knee. An increase of PG loss
and collagen cleavage along with a loss of collagen integrity was
found in the injured joint. Some RA-like inﬂammation (overgrown
synovial coverage and synovium invasion into cartilage) was
found in load-injured joint of MMP-9 knockout mouse. This ﬁnd-
ing is correlated with recruitment of macrophages and increased
accumlation of TNF-alpha in the MMP-9 KO mice.
Conclusions: Our ﬁnding supports our hypothesis that cartilage
damage induced chronical joint inﬂammation 8 weeks after injury
and the deletion of MMP-9 gene affects joint inﬂammation and
cartilage degradation/remodeling by recuiting pro-inﬂammatory
cells and modulating pro-inﬂammatory cytokines after overload
injury.
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Purpose: Osteoarthritis (OA) is a chronic debilitating joint dis-
ease with resulting pain in the affected joint. OA is most common
in post menopausal women and studies have shown that pain
perception increases post menopause suggesting a link to estro-
gen deﬁciency. In this study we investigated the rat monoiodoac-
etate (MIA) model, which develops pathology resembling some
aspects of human OA, to assess if ovariectomy (OVX) causes
an increase in knee pain compared to sham operated animals.
Methods: Female Sprague Dawley rats of 7-8 weeks of age
were randomized into 2 groups of 12 with one group being
ovariectomized and the other group sham ovariectomized. One
week post surgery the right knees of each rat were injected
with 0.3mg MIA in 50ul of saline and the left knees with 50ul of
saline. At 24 hours and 11 days post MIA injection incapacitance
testing was used to measure pain via differences in hind paw
weight bearing between the MIA and saline injected knees. Each
measurement was the average of 3 separate measurements
each measured over 1 second.
Results: At 24 hours after MIA injection the OVX animals ex-
hibited signiﬁcantly more pain than the sham OVX animal, as
measured by the difference in hind paw weight bearing (p<0.05;
see Table 1). By 11 days post MIA injection the pain in the sham
animals was the same as at 24 hours but the pain in the OVX
animals had signiﬁcantly increased (p<0.05; see Table 1).
Table 1. MIA Pain Measurements (Saline-MIA; Mean ± SEM) (g)
Treatment 24 hours 11 days
Sham OVX 21.7±0.87 22.6±0.67
OVX 31.9±0.42 45±3.41
Conclusions: These studies demonstrate the use of incapac-
itance testing in measuring joint pain in an animal model of
OA like pathology. Pain was signiﬁcantly greater in ovariec-
tomized animals verses intact animals suggesting that estrogen
deﬁciency exacerbates pain perception. These preclinical data
correlate well with epidemiological data which demonstrates that
post-menopausal women suffer from higher incidence and sever-
ity of joint-related pain than men or premenopausal women. The
mechanisms through which estrogen acts to affect pain are not
clear. There are however, preclinical data demonstrating that
estrogen effects a number of pain pathways including those
involved in serotonin uptake and signaling through glutamate
receptors.
In conclusion, these studies show that modulation of estrogen
receptors may be a potential therapeutic approach for treating
OA pain.
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Purpose: IL-1 is one of the key cytokines mediating cartilage
matrix degradation during osteoarthritis progression and recent
studies have shown that intra-articular anikinra can result in
a decrease in pain and improved joint function. To evaluate
